Abstract There is concern that antipsychotic drugs cause diabetes. Although there has been an explosion in the quantity of literature about this subject, it remains confusing and inconsistent. To assess whether the association between antipsychotic drugs and diabetes is causative, we applied the Austin Bradford Hill criteria to the available evidence. In support of a causative relationship, there is temporality for some cases of diabetes, and there is a biologically plausible explanation. The causative link between antipsychotic drugs and diabetes is coherent with our understanding of diabetes and there are other analogies. However the strength of association is weak, there is lack of consistency or specificity, and there is little evidence to support a biological gradient. We should therefore conclude that the evidence surrounding a causative link between antipsychotic drugs and diabetes is inconclusive. Moreover, the risk is probably low and the attributable risk of developing diabetes is greater for traditional risk factors such as family history, ethnicity, obesity and ageing than it is for receiving an antipsychotic drug. Consequently, the majority of patients receiving second-generation antipsychotics will not develop diabetes as a result of their medication.
Introduction
The prevalence of diabetes is higher among people with severe mental illness (SMI) than among the general population, but the underlying reasons for this association remain controversial [1] . While it is likely that there are multiple mechanisms, some of the newer second-generation antipsychotic drugs have been singled out as the major cause of the diabetes in this patient group [2] .
The introduction of first-generation or 'typical' antipsychotic medication in the 1950s transformed the lives of many people with SMI, but was marred by the development of disabling and stigmatising extrapyramidal movement disorders. More recently 'atypical' or second-generation antipsychotic drugs have been advocated as first-line treatment for SMI because of their improved efficacy and side effect profile. However, recent concerns about the association between diabetes and second-generation antipsychotics have left psychiatrists wondering whether the move towards secondgeneration antipsychotics has merely led to a substitution of one set of side effects for another, possibly resulting in an overall deterioration in their patients' physical health.
The marketing of second-generation antipsychotics is highly competitive because these products generate significant income for their respective manufacturers; currently sales of antipsychotics worldwide yield over $8 billion annually. Until recently there were no studies that differentiated the drugs on the basis of efficacy, and so much of the marketing effort focussed on differentiating one product from another by virtue of differing adverse event profiles [3, 4] . Unjustified concerns about the risk of diabetes and other metabolic side effects may lead to patients being denied effective treatment, so it is crucial Electronic Supplementary Material Supplementary material is available for this article at http://dx.doi.org/10.1007/s00125-006-0279-3 that we have a clear understanding of any causative relationship between the drugs and diabetes. The literature on this area remains confusing and inconsistent, and many psychiatrists are turning to diabetes specialists for advice.
The sources of evidence linking antipsychotic drugs and diabetes
Evaluation of the data regarding antipsychotic drugs is challenging because of the underlying two-to three-fold increased risk of diabetes among people with SMI [1] . This increased prevalence results from hereditary and environmental factors, such as less healthy lifestyles. Much of the increased risk can be ascribed to traditional diabetic risk factors such as family history, physical inactivity and poor diet, while there is evidence that SMI itself also increases the risk of diabetes [5] [6] [7] [8] . Any data concerning the link between antipsychotics and diabetes must therefore give due consideration to other potentially confounding factors [2] .
There are several sources of evidence to consider, including case reports and drugs safety studies, observational analytical studies and experimental analytical studies. It is important to appreciate the strengths and weaknesses of the different types of report.
Case reports are descriptive and may provide evidence of temporality. They can never provide an estimate of the size of risk when applied to the wider population, and so are best used to generate hypotheses underlying an association that can be tested with observational or experimental studies. Drug safety studies are usually large series of case reports. While they begin to address the size of association, they cannot be used to prove causation, as there is no control.
Observational analytical studies can be divided into three main types: cross-sectional studies, case-control studies and cohort studies. Cross-sectional studies are the weakest methodologically but are the easiest to perform. The disease prevalence, for example diabetes, is observed in different groups of individuals, for example those taking different antipsychotic drugs, and the relative frequency of disease is estimated in exposed and unexposed groups. Although these studies will describe how common diabetes is in people receiving antipsychotics, they are unable to determine temporality and therefore cannot determine which outcome occurred first. Logistic regression analysis can be used to determine odds ratios and confidence intervals for the exposure.
Case-control studies are retrospective studies in which diabetes rates are observed in those exposed to different antipsychotic drugs. The rates are compared with those of an unexposed control group that is matched for potentially confounding risk factors, and odds ratios calculated.
Cohort studies take groups of individuals and follow them over a period of time, either prospectively or retrospectively to determine how many subjects exposed to different antipsychotics develop diabetes. Incident diabetes rates can be determined and a relative risk between those taking or not taking antipsychotics can be calculated. Although diabetes is a common chronic disease, the incidence is low and so large numbers must be followed for several years for the study to be successful. It is important that there should be sufficient cases to prevent the study from being underpowered, which frequently happens in studies examining diabetes and antipsychotics.
Observational studies are limited by their naturalistic design. As treatment assignments are not random, the results may be confounded by factors associated with the choice of medication, for example disease severity, or with the risk of diabetes [1] . Most studies are also limited in that they only consider patients treated pharmacologically and therefore miss patients treated by diet alone.
Screening for diabetes varies between different agents, with patients receiving second-generation antipsychotics being much more likely to be screened than those receiving 'typical' drugs [9, 10] . This is important because as many as 70% of cases of diabetes in patients with schizophrenia are undiagnosed, and only through a systematic screening programme will all new cases of diabetes be identified [11] .
Finally there may be inadequate and incomplete information on, and knowledge of all relevant confounders. Pharmaco-epidemiological studies mainly rely on the analysis of computerised databases of patients treated in various organisations and are limited by the quality of clinical data recorded. Many recognised risk factors for diabetes are not always recorded in the databases, and thus most studies are not controlled for age, race, diet, physical activity, family history or polypharmacy [2] .
Experimental analytical studies, such as the prospective, double-blind, randomised controlled trial (RCT), are often considered to be the 'gold standard' for determining cause and effect, such as the efficacy of a drug. Prospective studies examining glucose abnormalities in patients with SMI have begun to appear, but details remain sketchy. Nevertheless these studies are useful in examining the association between diabetes and antipsychotics, because patients are screened for glycaemic abnormalities according to a set protocol and randomisation minimises treatment assignment bias. Placebo studies are particularly interesting, as they allow differentiation between drug effects and the other aspects of treatment.
The position of the double-blind RCT as 'gold standard' may not be appropriate for drug safety studies. There are many examples of observational studies that have made valuable contributions to post-marketing drug monitoring in real-life patients, identifying findings that were not picked up in the restricted setting of an RCT.
Caution should therefore be exercised for a number of reasons. First most RCTs involving antipsychotics were not designed to evaluate side effects [1] . The studies were powered to examine efficacy and all of them are underpowered for the study of side effects. Moreover, the inclusion criteria for such studies are determined by mental illness and not by adverse effects, and so there may be substantial differences in diabetic risk between groups; at best the results are examined as a post hoc analysis. The collection of safety data has not always been of the highest quality; in many studies only a subset of patients had blood tests, and these have often combined fasting and random blood samples because of the difficulties of obtaining fasting samples from patients with psychosis. The duration of trials is frequently too short, with most lasting less than 1 year. This may reflect the frequency with which patients change their antipsychotic medication, but is probably too short to evaluate a longer effect on diabetes risk. Finally very few studies are undertaken in treatment-naïve patients, so there may be a carry-over effect from previous treatments that could also affect diabetes risk.
In preparing this review, we considered papers from each category. We undertook an electronic search of the PubMed and Medline databases using the key words 'diabetes' or 'hyperglycaemia' with 'schizophrenia', 'antipsychotic drug' and each individual antipsychotic drug name. Further articles were found through hand searches of the reference lists contained within these papers.
The Austin Bradford Hill criteria for causation
In 1965, Sir Austin Bradford Hill, emeritus professor of statistics at the University of London, published one of the most important papers on the epidemiological basis of disease causation, in which he described the aspects of an association that needed to be considered when deciding whether the likely interpretation of any association is causation (Table 1 ) [12] . These aspects are now commonly referred to as the Austin Bradford Hill criteria for causal association and have been widely applied by epidemiologists and others when addressing the causation of disease in a broad range of situations. In this paper we will examine the nine Austin Bradford Hill criteria to gain a further understanding about the association between antipsychotic drugs and diabetes, according to the proposal of Shakir and Layton [13] . The review will not set out in detail all of the evidence which has been reviewed by us previously [1, 2] , but where novel data have been published we will draw attention to them. We hope that we will enable evidencebased prescribing of second-generation antipsychotic drugs and demonstrate the utility of the Bradford Hill criteria when considering drug side effects.
Strength of association
'A strong association is more likely to be causal than a weak association and is less likely to be explained by unrelated biases.'
In epidemiological terms, a relative risk of less than two is considered to indicate a weak association, while greater than three is a strong association. This creates a challenge when the applying this criterion to drug side-effects as a high risk of a serious side effect is likely to have prevented a drug reaching the market.
Several approaches, predominantly the use of observational data, have been adopted to examine the risk of diabetes with different antipsychotics. Two themes emerge from the observational studies. First, treatment with any antipsychotic is associated with more diabetes than no treatment (Electronic Supplementary Material [ESM], Table 1 ) [14] . The studies give an increased risk of up to seven times [15] , although values between 1.5 to 5 are more common [16] [17] [18] [19] [20] [21] [22] . Some of these studies compare psychiatric patients receiving antipsychotic drugs with the general population and therefore may overestimate the risk attributable to the drug because the general population is an inappropriate control group. The rates of diabetes are increased in schizophrenic populations and therefore there may be alternative explanations for the increased risk [2] . It Increasing exposure is associated with increasing risks of disease
The dose response for a side effect may not be the same as for the drug's indication Plausibility There is a credible scientific mechanism that can explain the association Coherence
The association is consistent with the natural history of the disease Experimental evidence An intervention shows results consistent with the association Most RCTs are powered to evaluate efficacy and not side effects
Analogy
There are similar results that we can draw a relationship to is most appropriate to compare patients with SMI receiving therapy or no therapy, but these studies are hard to perform because most patients will have received treatment at some point during their illness. The second theme is that treatment with secondgeneration antipsychotics is associated with more diabetes than treatment with a conventional antipsychotic [14] . These studies show that the strength of the association is smaller with most studies showing hazard ratios of less than 1.5 [2, 17, 21, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . These studies may underestimate any risk, as they assume that conventional antipsychotics have a neutral effect on diabetes. The confidence intervals for the risks are frequently high because of the small numbers of cases of diabetes.
One study, which followed almost 60,000 patients from the Veterans Administration over a follow-up period of 12-28 months, found that 7.3% of patients were diagnosed with diabetes, giving an annualised incidence rate for diabetes of 4.4% [31] . There was a slightly higher rate of diabetes for users of clozapine and olanzapine, but the risks associated with quetiapine and risperidone were not statistically significantly different from conventional antipsychotic drugs. The authors then estimated the attributable risk of diabetes associated with atypical antipsychotics compared with conventional drugs, defining it as the estimated proportion of patients taking each drug who would not have developed diabetes if they had instead been taking conventional antipsychotics. This ranged from 0.05% for risperidone to 2.03% for clozapine, indicating that the absolute excess risk associated with secondgeneration antipsychotics is probably low [31] .
Not all studies have shown an excess risk [28, 30] and one US study of 7,381 privately insured patients with SMI, which identified 339 new cases of diabetes between January 1999 and December 2000 and an annualised incidence rate of 4.7%, showed a decrease in diabetes risk with risperidone with no difference in the risk for olanzapine, clozapine and quetiapine [33] .
The reported rates of incident diabetes are much lower among UK patients with SMI than in US American populations and have been reported to be less than 1% [21, 37] . At times this low incidence rate has led to incongruous results. For example in the Koro study of 21,145 patients with SMI, undertaken between June 1997 and September 2000, the diabetes incidence rate among all patients with schizophrenia who were being treated with antipsychotics was only 4.4 per 1,000 person-years [21] . Olanzapine was found to be associated with a 4.4-fold increased risk of diabetes, but this was based on only nine cases of diabetes.
In conclusion, most observational studies involving only mentally ill patients estimate that the excess risk attributable to second-generation antipsychotics is less than two and therefore we must conclude that the strength of association is weak.
Consistency of association
We have already determined that risk of diabetes with second-generation antipsychotics is probably low and therefore consistency becomes more important. Although the observational studies are consistent in showing that diabetes is more common in those treated with antipsychotics than in those not receiving treatment and in those taking second-generation antipsychotics than in those taking conventional agents, there is no consistency when we examine the retrospective studies that compare one second-generation antipsychotic with another. One of the major concerns about studies of diabetes in patients receiving second-generation antipsychotics is that most studies are funded and co-authored by the pharmaceutical industry. If we consider the large observational pharmacoepidemiological studies comparing second-generation antipsychotics, it would appear that olanzapine is more frequently associated with diabetes than other drugs. However, if only independent studies are examined, this difference disappears and the only consistency we see is that the trial sponsor's drug is found not to be associated with an increased risk of diabetes (ESM , Tables 1 and 2) [38]. This is not to say that the reported studies contain specific methodological flaws, but non-publication of unfavourable results is likely.
In contrast to the observational studies, prospective RCTs are consistent, and find that diabetes rates are not greater in patients receiving any particular antipsychotic. Data about changes in glucose concentrations have been presented from 5,607 patients with schizophrenia or schizophreniform illness recruited in 12 prospective randomised clinical trials, of which 11 were double-blind [1, [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] (Table 2) . Of these studies, eight lasted for at least 6 months and four lasted for more than 1 year. In all of them, there are no significant differences in rates of newly emergent glucose abnormalities between comparator antipsychotics and this is also the case when placebo is included. The raw data, however, are frequently not included and only qualitative statements are made in the safety sections.
Glycosylated haemoglobin has been used in two studies as an integrated measure of changes in blood glucose because of the difficulties in obtaining truly fasting samples in this patient group. In a 1-year, randomised, investigatorblinded study of 45 clinically stable patients with schizophrenia and tardive dyskinesia, HbA 1c did not increase during the study and no differences in HbA 1c concentrations were reported between the quetiapine and haloperidol treatment groups [50, 51] .
By contrast the recently reported CATIE study, which was a large independent study of 1,493 people with schizophrenia, showed that HbA 1c rose by 0.4% in the patients treated with olanzapine during the 18-month trial, while there was no significant change in HbA 1c with any of the other agents [49] . At baseline 11% of patients had known diabetes, but 16.1% also had a fasting plasma glucose concentration within the diabetic range when screened for glucose abnormality [52] . As patients with and without diabetes were not dealt with separately for the analysis, it is unclear whether the increase in HbA 1c occurred across the whole population or mainly in those with diabetes. The trial does not report the number of new cases of diabetes, but only 2 to 4% of patients received a new prescription for antidiabetic medication and there was no difference between treatments in this regard.
The differences between the observational and experimental studies appear paradoxical and may reflect the methodologies involved, where the retrospective studies overestimate the risk of diabetes because of treatment assignment bias, screening bias and other confounders, while prospective studies underestimate the risk because of lack of power and short duration of follow-up. Nevertheless the contrast between the retrospective and prospective studies suggests a lack of consistency is apparent.
Specificity of association
'A cause leads to a single effect not multiple effects, but although the concept of specificity is sometimes helpful, it can be misleading.'
In pharmacovigilance, specificity is also important because drugs cause adverse drug reactions by specific mechanisms. For example, antipsychotics cause hyperprolactinaemia by blockade of the dopamine D 2 receptors. Specificity is not always helpful, however, because drugs often have multiple actions and adverse drugs reactions through different mechanisms. The antipsychotics bind to multiple receptors affecting diverse neurological systems and these differ markedly from one antipsychotic to another. Examination of the receptor binding characteristics does not always allow a full understanding of the actions and side effects. For example, all antipsychotics are associated with some weight gain in certain patients, yet no one receptor interaction can account for this side effect. Therefore specificity may not be very helpful in assessing the cause of a side effect. Drugs are not the only agents that do not fulfil this criterion. Cigarette smoking causes a wide range of diseases! Temporality of association 'The cause should precede the effect.'
Here again the evidence is conflicting; case reports showing patients developing diabetes that remits following cessation of treatment, only to re-appear after re-challenge, provide strong evidence of a causative role in these cases. Although these reports can give proof of concept, it is uncertain how far these cases can be extrapolated to the wider SMI population.
On the other hand, the association between diabetes and schizophrenia was recognised at the end of the 19th century, well before the introduction of antipsychotics [53] . Furthermore, it was noted that the insulin doses needed for 'insulin coma therapy' during the 1920s were higher for patients with schizophrenia than for other patients, possibly implying that these individuals were insulin-resistant [54] .
It remains unclear whether schizophrenia is associated with diabetes independently of its treatment and associated lifestyle. Studies of Irish first-episode psychosis patients have shown that they are more insulin-resistant and have higher fasting blood glucose concentrations than carefully matched controls [55] . Patients also have more intraabdominal fat and hypercortisolaemia, suggesting that schizophrenia in itself is associated with an increased risk of diabetes [56] . These findings have not been replicated in Chinese and Spanish populations, but methodological and subject differences may explain this discrepancy [57, 58] . Further studies are needed to clarify this area.
It could be argued that if the association is between diabetes and SMI, then patients with type 2 diabetes may be at higher risk of SMI. This has not been observed, but this may merely reflect the earlier onset of psychosis, usually between ages 20 to 30 years, compared with type 2 diabetes. Alternatively, it does not necessarily follow that because one illness predisposes to another, the reverse is also true. For example, patients with type 1 diabetes are more likely to develop other autoimmune diseases such as autoimmune thyroid disease, yet people with autoimmune thyroid disease develop diabetes at similar rates to those seen in the general population. Nevertheless, it will be interesting to observe in the future whether type 2 diabetes proves to be a risk factor for SMI as the age of onset of diabetes falls.
Finally there are case reports of patients with type 1 diabetes whose diabetic control deteriorates with the onset of a new psychosis. Following treatment with antipsychotics, diabetic control is frequently seen to improve [59] .
In conclusion, case reports show a temporality that would implicate antipsychotics in disease development in some cases of diabetes. Diabetes risk, however, appears to be increased in patients with SMI in the absence of treatment. Nevertheless, an increased risk of diabetes in patients with SMI would not preclude an additive effect of the antipsychotic.
Biological gradient
'A biological gradient as demonstrated by a dose-response curve is well known in epidemiology and supports causality.' Most human studies have not examined dose-response and only one study has shown an increased risk of diabetes with increasing dose of olanzapine [34] . Even this study was far from clear on this issue. The 12 and 24 week data were trends only, and the data only reached statistical significance at 52 weeks. Moreover, the doses compared may not be the doses clinicians are most concerned about when treating patients on high doses, which commonly exceed 20 mg daily among persistently mentally ill patients [60] . When considering surrogate markers, one study has shown that the serum concentration of clozapine and the ratio of olanzapine to N-desmethylolanzapine, one of its metabolites, were correlated with insulin, C-peptide and triglycerides [61] .
It may be that the dose-response for diabetes occurs below the therapeutic threshold and so even at the lowest therapeutic dose, the effect on diabetes is maximal.
In summary, there are very few data to support a doseresponse and therefore a biological gradient.
Plausibility
'Biological plausibility of a hypothesis is another aspect to be considered for causal inference.'
With regard to increasing the risk of diabetes, it seems likely that the antipsychotic drug must either increase insulin resistance, or impair beta cell function, or both.
The association between obesity, weight gain and diabetes is well recognised and this is one potential mechanism by which antipsychotics may increase the risk of diabetes. Evidence from meta-analyses, systematic reviews, individual trials and longer term observational studies has indicated that significant weight gain is seen in many patients receiving psychotropic agents for the treatment of schizophrenia and bipolar disorder. Although no antipsychotic drug can be considered weight-neutral, as weight gain may occur in vulnerable patients during treatment with any atypical antipsychotic, greater mean weight gain does occur with olanzapine and clozapine [62] [63] [64] [65] .
Despite the marked inter-individual variation in weight gain with antipsychotic drugs, it may be possible to identify those individuals at high risk of weight gain. In a recent analysis, the 15% of patients who gained more than 7% body weight in the first 6 weeks of treatment with olanzapine were more likely to gain significant weight gain in the long term [66] . Further studies are needed to determine whether these individuals are at the greatest risk of developing diabetes.
Weight gain does not explain all cases of diabetes. When analysing a series of cases reports, Jin described that nearly 50% of patients developing diabetes had experienced no weight gain during treatment [67] . Furthermore, in the prospective trials, there are no differences in incident diabetes between agents despite marked differences in weight gain.
Antipsychotic-associated weight gain is potentially preventable by the instigation of simple weight management and lifestyle programmes and so it will be instructive to learn in future whether these interventions will ultimately minimise the rates of diabetes in people with SMI [68] .
Some clinical studies have evaluated the direct effect of antipsychotic drugs on insulin resistance. Where a change in insulin resistance has been observed in humans, this has been entirely explicable by a change in body weight [69, 70] . However, studies in myotubes have shown that olanzapine inhibits insulin signalling [71] . Furthermore, some animal experiments have suggested an immediate deterioration in insulin sensitivity independent of any weight change [72, 73] .
The prevalence of the metabolic syndrome is increased in patients with SMI and this may partly explain why diabetes is increased in this patient group [52] . As well as an effect on weight, antipsychotics may lead to increases in serum triglyceride concentrations. Clozapine, olanzapine, quetiapine and phenothiazines are more likely to be associated with a rise in triglycerides than other antipsychotics [74] . It would appear that the change in triglycerides is strongly related to weight change.
There is no experimental evidence to support a direct toxic effect of antipsychotics on the pancreas, although insulin secretion may be altered. Experiments in islet cell cultures have shown that clozapine and olanzapine, but not quetiapine, risperidone and ziprasidone, increase insulin release [75] . It is unclear how these findings are to be interpreted during normal physiology as no change in beta cell function has been observed in humans [70] . Nevertheless there are case reports of diabetic ketoacidosis in patients receiving antipsychotics [67] . The cause of the ketoacidosis is unknown; although there is no evidence of autoimmune destruction of the pancreas, a toxic effect cannot be excluded [76] .
In summary there is a biologically plausible explanation for the link between antipsychotic drugs and diabetes. It is well known that the rates of diabetes in patients with SMI are increasing at the same time as the use of secondgeneration antipsychotics is increasing. In fact following the introduction of typical antipsychotics, a marked increase in the rates of diabetes was also observed and the term 'phenothiazine diabetes' appeared in the literature.
An alternative explanation may be that the rate of diabetes in patients with SMI is increasing in line with the general population and any further increase reflects an increased awareness of the need to screen for diabetes in patients with SMI [9] .
Experimental evidence
'Experimental evidence is needed to support a causal inference.'
The randomised controlled trials have been discussed above, but it is clear that studies specifically examining metabolic side effects are needed.
Analogy
'Inventive scientists can find analogy everywhere. An analogy finds a more elaborate hypothesis about an association under study.'
An analogy showing consistencies with other similar situations could be that other drugs, such as steroids, that cause weight gain are associated with increased rates of diabetes.
Conclusion
Having reviewed the data using the Austin Bradford Hill criteria, it is clear that some are fulfilled, while others are not. The strength of association is weak, there is lack of consistency or specificity and there is little evidence to support a biological gradient. However temporality for some cases of diabetes exists, and there is a biologically plausible explanation. The causative link between antipsychotics and diabetes is coherent with our understanding of diabetes and there are other analogies.
We should therefore conclude that there may be a causative link between antipsychotics and diabetes. It is also clear, however, that the risk is probably low and the majority of patients receiving second-generation antipsychotics will not develop diabetes as a result of their medication.
By reviewing the data using the Austin Bradford Hill criteria, we can start to identify what kind of further studies are needed to confirm or refute whether antipsychotics cause diabetes. We need to clarify whether only certain patients, for example the rapid weight gainers, rather than the whole population receiving antipsychotics are at increased risk of developing diabetes because of their treatment. We need to find ways of identifying these patients and implementing measures that will prevent or at least delay their diabetes.
The confusion surrounding antipsychotics and diabetes is not unique. Many studies of drug side effects have been reported and have led to substantial public confusion and controversy among the investigators [77] . There are two principle reasons for this. First, the critical-exposure variable, i.e. the drug, is generally unstable and not as well defined as other variables such as age or sex. Second, drug-safety research differs from classic epidemiological research in the range of disorders that are of concern. In order to resolve whether antipsychotics cause diabetes, it will be important to design studies in which the drugexposure variable is well defined and relevant to a causal inference and where the diagnosis of diabetes is accurately determined.
This will be challenging, as prospective studies of drugnaive patients over a long period of time (3-5 years) will be needed. The studies should be powered and designed specifically to examine metabolic side effects. These studies may, however, never be possible because of the frequent treatment changes needed by patients with SMI.
We should leave the final word to Sir Austin Bradford Hill, who noted, 'All scientific work is incomplete, whether it be observational or experimental. All scientific work is liable to be upset or modified by advancing knowledge. This does not confer upon us a freedom to ignore the knowledge we already have, or to postpone the action that it appears to demand at a given time.' While future studies may clarify the association between antipsychotics and diabetes, in the meantime it is important that the prime consideration when choosing an antipsychotic should be its ability to treat the patient's mental state, and effective treatment should not be denied because of concerns about metabolic side effects. Nevertheless it is incumbent on health professionals to institute measures that will reduce diabetes risk in this high-risk patient group. 
